In order to satisfy transmission and application, this paper illustrates the drawback of the current rate-distortion model and the characteristics of multi-view video coding (MVC). This paper proposes a bit allocation and rate control scheme for MVC based on frame complexity and human visual characteristics. Firstly, the proposed algorithm improves the quadratic rate-distortion (R-D) model. Then, the proposed algorithm reasonably allocates bit-rate among views based on frame complexity and human visual characteristics. This paper turns the bit allocation among views into a multi-objective optimization problem. Finally, this paper proposes a view layer and frame layer bit allocation algorithm for MVC according to frame complexity and the previously coded information. Simulation results show that the proposed algorithm can effectively control bit rate for MVC, where the average rate control error of our algorithm is 1.08%.
Introduction
The multi-view video is a new generation of stereoscopic and interactive video. The most prominent features of threedimensional television (3DTV) are interactivity and stereoscopic effect. Free viewpoint television (FTV)/3DTV has been widely used in the 3D film, advertisements, 3D games, and other fields [1] [2] . However, the huge amount of original data of multi-view video brings enormous challenges to its storage, compression and transmission. Therefore, MVC has been intensively studied.
Rate control is an important part of the video coding standard. Any video compression standard leaving the rate control will be limited. It mainly controls the encoding parameters to make the generated bit stream conform to the application requirements. It not only maintains efficient coding efficiency, but also makes the subjective quality between the frames before and after the sequence has no significant fluctuations. Previous video coding standards have their own rate control models such as MPEG-2, MPEG-4, H.263, H.264, MVC and HEVC [3] [4] [5] [6] [7] .
In China, we started studying rate control for MVC relatively late. However, in recent years, some research teams have begun to study rate control. For example, Tsinghua University, Shanghai University, Zhejiang University, Ningbo University, and Tianjin University have also achieved certain research results for MVC. Among them, the team led by Prof. Zhang Zhaoyang from Shanghai University has done a lot of research on MVC and established related experimental methods and experimental platforms. In general, the visual quality of the entire image is largely determined by the visual quality of the area of interest, while the degradation of the area is often not easily noticeable and has little effect on the visual quality of the entire image. Studies have shown that our visual attention is often influenced by two types of factors: cognitive triggers (advanced factors) and irritating triggers (lower factors). Cognitive triggering is the recognition of objects and patterns by the human brain in terms of cognition (prior knowledge or experience). For example, when observing an image, it gives the observer some hints or instructions. Since cognitive triggers cannot be simply simulated by a model, it is difficult to implement in practical applications. In this paper, the most correlated primary view is taken as the view of the attention of our human eye. The target bit of the main view is increased, and the target bit of the non-main view is lowered, thereby improving the subjective quality of the image.
In multi-view video coding, the parallax prediction characteristics among views have a large difference. Therefore, coded images with the same inter-view prediction relationship may have a different frame complexity. At this time, there will be a certain deviation in the number of target bits calculated by using the same model parameters. To improve the coding quality and reduce the computational complexity, Z Zhao et al [8] propose a rate control algorithm based on the complexity of the video content per frame. Lei et al. propose a rate control algorithm based on R-λ model for 3D-HEVC [9] . However, the computer's complexity was too high, which was necessary to further study the optimal model of 3D-HEVC bit rate control. Therefore, the coded images with the same inter-view prediction relationship or inter-temporal prediction relationship may have different coding characteristics. In this case, the target bits calculated by the same model parameters cannot be used.
Yan et al. propose rate control for MVC, but the RCE is too large [10] [11] . This paper proposes a rate control method for MVC based on frame complexity and human visual characteristics. Firstly, the proposed algorithm improves the traditional rate control model. Then, the proposed algorithm reasonably allocates bit-rate among views based on frame complexity and human visual characteristics. This paper turns the bit allocation among views into a multi-objective optimization problem. To this end, this paper first analyzes the advantages and disadvantages of existing rate control algorithms. Then this paper proposes to improve the traditional rate control model according to the characteristics and requirements of MVC. Simulation results show that the proposed algorithm can effectively control bit rate for MVC, with the average rate control error of our algorithm is 1.08%.
Structure of Rate Control
Multiview Video is a new type of video with three-dimensional stereoscopic and viewpoint interaction functions that can meet the user's ability to select and operate audiovisual objects from multiple angles and provide 360-degree scene roaming interactive capability. However, the compression efficiency of existing coding standards is still insufficient for highdefinition, ultra-high-definition video applications, and it still requires a more efficient coding compression scheme. Rate control algorithm for MVC is very complicated. Based on the JVT MVC encoder, the proposed RC algorithm includes 4 layers, as shown in Figure 1 , including GGOP (a group of GOP), GOP (group of pictures), the frame layer, and the basicunit layer. 
Improved R-D Model
The second multi-view coding-specific issue we considered was MAD prediction. This paper first analyzes the advantages and disadvantages of the existing rate control algorithms. Then, this paper proposes to improve the traditional rate control model according to the characteristics and requirements of MVC. The improved MAD prediction is described as follows.
The quadratic rate-quantization (R-Q) model adopted by MVC is as follows:
MAD prediction for a macroblock in I frame: In multi-view coding (MVC), we also have the option of using the previously-encoded neighbouring view for MAD prediction. We adopted a criterion for I frame. The improved MAD prediction is described as follows: 
Rate Control Algorithm for MVC
Compared with bit allocation and the rate control algorithm for H.264, the rate control algorithm for MVC is very complicated. The existing rate control in H.264 creates a bitstream with the bitrate that matches the available channel bitrate for a single-view video. Based on the work in [12] , we should consider the initial QP value of the first frame of the extended views. The main steps of the rate control algorithm for MVC are as follows:
View Level Rate Control
People will unconsciously be interested in certain areas when they observe them and call these areas "visual attention areas". In general, the visual quality of the entire image is largely determined by the visual quality of the area of interest, while the degradation of the area is often not easily noticeable and has little effect on the visual quality of the entire image.
Studies have shown that our visual attention is often influenced by two types of factors: cognitive triggers (advanced factors) and irritating triggers (lower factors). Cognitive triggering is the recognition of objects and patterns by the human brain in terms of cognition (prior knowledge, experience). For example, when observing an image, give the observer some hints or instructions. Since cognitive triggers cannot be simply simulated by a model, it is difficult to implement in practical applications. In this paper, the most correlated primary view is taken as the view of the attention of our human eye. The target bit of the main view is increased, and the target bit of the non-main view is lowered, thereby improving the subjective quality of the image.
Although the first frames of extended views do not have a temporal reference, they are still encoded as inter frames, not intra frames, because they can use already-encoded initial frames of the base view and potentially other already-encoded views. The multi-view video is taken from different angles by the camera array. It contains multiple viewpoint images in the same scene, so there is information redundancy among the viewpoints. Therefore, compared with the traditional single-view video coding, in addition to the use of space-time redundancy to achieve compression coding purposes, it is more important to eliminate spatial prediction redundancy among different views.
Based on this rate model, this paper proposes a rate control and bit allocation algorithm for MVC based on human visual characteristics and frame complexity. We first study the HVS (Human visual system) characteristics, and then consider the sensitive and non-sensitive regions of the human eye for more reasonable code rate allocation. Finally, we increase the number of allocated bits in sensitive regions and reduce the number of allocated bits in non-sensitive regions. The results show that the algorithm can improve the quality of sensitive areas and improve the subjective visual effects. We can put the three-dimensional video point of view between the bit allocation, so the problem boils down to the cost equation for the rate-distortion optimization problem.
The viewpoint bit allocation problem can be expressed with the following formula: Where, sg Q is the gth image quality in the sth viewpoint, Q represents the average image quality. Total R is the actual bits generated by the i th GGOP. I R and s R are the actual bits generated by the main viewpoint and auxiliary viewpoint, respectively. Parameter i  obtains a local optimal solution by precoding the i th GGOP. Then, we solve the optimal value by precoding several sets of GGOP.
Target Bit Rate for Frames
Multi-view video coding employs a hierarchical B-frame prediction structure. In the hierarchical B frame prediction structure, B frames of different time layers are independent of each other. Therefore, the frame layer rate control must solve the B-frame bit allocation and frame complexity of different time layers. Lei et al. [13] proposed the following optimal frame target bit allocation method according to the residual energy of the coded frame.
All parameter values are shown in Reference [13] . In general, the more intense the video sequence is, the larger the scene change of the image content of each frame is, and the more bits are needed for video encoding. On the contrary, the smaller the image content scene of each frame is, the less bits are needed for video encoding. In order to improve rate control error, the current frame target bit is calculated by Equation (9).
In Equation (9), () FD j is the temporal activity for the j th frame.
( 1) FD j  is the temporal activity for the (j-1) th frame.
 and  are experimental parameters.
Macroblock Layer Rate Control
The basic unit can include the entire frame image at the maximum and only contains one macro block at the minimum. Multi-view video coding employs a hierarchical B-frame prediction structure. In the hierarchical B frame prediction structure, B frames of different time layers are independent of each other. Therefore, the macroblock layer rate control must solve the basic unit complexity of different time layers. For I-frames, the use of the same quantization parameter for the entire frame generally does not require the basic unit layer rate control. The following focuses on bit rate control of the basic unit layer of a B-frame or P-frame. The main point of this is: first, the number of target bits is determined for each B-frame or P-frame. Then, assign these bits to each basic unit, and finally, select the quantization parameter according to the binomial model.
The macroblock layer rate control first considers the local motion degree, texture activity, edge strength of the macroblock, and quickly partitions the local motion macroblock, edge macroblock, texture macroblock, and smooth macroblock. Then, based on the difference of the degree of attention of human eyes in various types of macroblocks, this paper adjusts the quantization parameters of macroblocks.
In order to be compatible with H.264, the macroblock layer rate control scheme for MVC is similar to H.264. In order to be compatible with H.264, the macroblock layer rate control scheme for MVC is simplified by dividing the allocated bits of each frame evenly to each basic unit layer of the frame. However, even macroblocks in the same basic unit have great differences in image content, texture, activity time domain, and complexity. Therefore, to determine the bit rate more accurately, different quantization values are used based on the difference of the degree of attention of human eyes in various types of macroblocks. This paper adjusts the quantization parameters of macroblocks. The RC method of the basic unit is similar to Reference [11] . The detailed block diagram is shown in Figure 2 . 
Experimental Results
In order to test the effectiveness of the algorithm, the experiments were conducted using the test sequences Kendo, Newspaper, Dancer, PoznalHall2, Lovebird1 and Gtfly provided by the HHI Institute and Nagoya University/Tanimoto Lab. The resolution of the sequence includes 1920 x 1088 pixels or 1024 x 768 pixels. Other coding parameters of the algorithm mainly include entropy coding CABAC, RDO enable, reference frame 2, fast search, and search range 64 pixels. The test platform is an Intel(R) Duo CPU 2.40GHz (dual) with 8GB of memory.
In the latest test platform, this algorithm is compared with the previous two algorithms. In this paper, σ is used to denote the rate control error (REC), which is obtained from Equation (10). 
Where target R and actual R denote the target bit-rates and the actual coding bit-rates of the sequence, respectively. Figures 3-6 shows the experimental results for Newspaper and Dancer. The experimental results show that the target bit curve assigned by each frame of the algorithm is consistent with the frame complexity. Motion strenuous frames allocate a relatively large number of bits, and motion smoothing frames allocate a correspondingly smaller number of bits. Compared with the average distribution of JVT-G012, this algorithm has a greater advantage. The experimental results show that this algorithm improves the signal-to-noise ratio of drastic motion frames and reduces the signal-to-noise ratio of flat frames. Therefore, the video quality fluctuations between frames are significantly improved. Figure 7 shows the experimental results of the PoznanHall2 sequences. Compared with previous research results, the PSNR of the rate control algorithm proposed in this paper has improved. In summary, although the algorithm proposed in this paper can maintain high coding efficiency, the rate control deviation is relatively high. In order to get the bit rate more accurately, different quantization values are used based on the difference of the degree of attention of human eyes in various types of macroblocks. This paper adjusts the quantization parameters of macroblocks. 1  7  13  19  25  31  37  43  49  55  61  67  73  79  85  91  97  103  109  115  121  127  133  139  145  151  157  163  169  175  181  187  193  199 Actual generated From Table 1 , it can be seen that the average RCE of our algorithm is 1.08%. Among them, the error rate control of the Lovebird1 sequence is relatively large. The main reason may be that the movement of the Lovebird1 sequence is more intense. If the encoded information is used to predict the inter-view bit allocation, the prediction is inaccurate. Compared with the average distribution of JVT-G012, this algorithm has a greater advantage. The experimental results show that this algorithm improves the signal-to-noise ratio of drastic motion frames and reduces the signal-to-noise ratio of flat frames. Therefore, the video quality fluctuations between frames are significantly improved. 9  17  25  33  41  49  57  65  73  81  89  97  105  113  121  129  137  145  153  161  169  177  185  193  201  209  217  225  233  241  249   MVC  MVC+RC   27   28   29   30   31   32   33   34   1  9  17  25  33  41  49  57  65  73  81  89  97  105  113  121  129  137  145  153  161  169  177  185  193  201  209  217  225  233  241  249 MVC MVC+RC In summary, although the algorithm proposed in this paper can maintain high coding efficiency, the rate control deviation is relatively high.
Conclusions
Stereoscopic videos are the principle of binocular parallax using the human eye. The binoculars independently receive left and right images of specific photographic points from the same scene. The left eye and the right eye view the respective corresponding images to form the binocular parallax and then merge the brain to obtain a stereoscopic image with a strong sense of depth and realism. However, the stereoscopic stereoscopic stereoscopic viewing angle range is too narrow, and it is difficult for multiple users to simultaneously view. To overcome the limitations of binocular stereo video system applications, it is extended to multi-view video systems. Compared with binocular stereo video, multi-view video can describe the scene structure more accurately, which can greatly expand the stereoscopic view angle and also facilitate the user to interactively select viewpoints, thus having a wider application. The multi-view video is taken from different angles by the camera array. It contains multiple viewpoint images in the same scene, so there is information redundancy among the viewpoints. Therefore, compared with the traditional single-view video coding, in addition to the use of space-time redundancy to achieve compression coding purposes, it is more important to eliminate spatial prediction redundancy among different views.
Currently, rate control and bit allocation algorithms for MVC are not yet mature. In order to reduce REC, this algorithm performs effective rate control for the inter-view, frame, and base unit layers. Among them, the error rate control of the Lovebird1 sequence is relatively large. The main reason may be that the movement of the Lovebird1 sequence is more intense. If the encoded information is used to predict the inter-view bit allocation, the prediction is inaccurate. In the future, we will further study the correlation among views so that we can improve the algorithm for MVC. In addition, multi-view video scene switching has not been considered in this paper. If the video scene switches, the algorithm will fail. This will also be one of the focuses of future research.
